economic resource study of a proposed wilderness withdrawal area in part of the Deep Creek Range in Juab County, Utah, many of the samples collected were from a granitic intrusive, the Ibapah stock. A few samples were also collected from alluvial-lacustrine sands adjacent to and apparently derived from the stock. Analytical data from these and other samples were published along with a resource evaluation of the area (Cadigan and others, 1979) . The report was prepared for the U.S. Bureau of Land Management. Valley. In the late Pleistocene these land forms were modified by a lacustrine environment during the development and contraction of Lake
Bonneville. The region, otherwise, is of typical Basin and Range province geologic structure and geomorphology.
Geochemical statistical study
One hundred and twenty-six samples of primarily quartz monzonite and granite were collected principally from surface outcrops and as representative of the exposed rocks. An occasional sample was taken near a fracture or fault in a potentially mineralized zone or area to detect possible incipient mineralization. Samples from recognizable mineralized or metamorphic zones are not included.
Eleven samples of alluvial sands were collected in areas where there tended to be radioactive concentrations of dark minerals. These were interpreted as possible placer concentrations of beach or stream origin.
Analytical data are presented in table 1. Figure 2 shows these correlations in a schematic form. Transformation of _r_ to z_ correlation coefficients was introduced by Fisher (1948) .
The purpose of the comparison is to illustrate changes in geochemical element covariation in a source rock and element covariation in a sediment derived from the source rock. Highly significant correlations are estimated to be those with a z_ correlation greater than ±2.58 (significant at the p^ .01 level) for the igneous rock samples and ±2.65 for the alluvium samples.
The significance level, p ^ .01 means that the probability of such a correlation occuring by chance is equal to or less than 1 in 100, 1 percent, or .01. covariation that occur when a source rock is, in effect disintegrated and its parts reassembled to form a sediment. To interpret the changes in step by step fashion would require more samples and a designed experimental approach which was not attempted in this study.
To complete the statistical study of the geochemical data available, multivariate factor analysis was attempted for the two sets of samples. The raw data for the two sets were transformed to logarithms, symmetrical correlation coefficient matrices were prepared for each set and used as the basis for separate R-mode factor analyses, using the varimax method.
The factor analysis of the correlation matrix for the 126 igneous rock samples resulted in the selection of the four factors as best explaining the covariance of the elements. Tentative interpretation of the four factors is based on the reordered oblique projection matrix. The oblique projection matrix seems to provide the most reasonable logical grouping of the elements. Table 3 shows the element groups with tentative interpretive factor identifications. The oblique projection matrix is derived by an axis-fitting process from the varimax (table 4) matrix.
Factor analysis of igneous rock major and trace element geochemical variance produces element groupings that may be the end product of several processes. These processes may include original mineral segregation and crystallization (factors 1 and 3), later re-solution and recrystallization (factor 2), solution invasion, and enrichment or replacement of parts or all of the rock body (factors 2 and 4), selective weathering, oxidation, etc.
Covariation between pairs of elements (such as Na and K) may be affected by more than one geochemical process acting on the rock body.
The major processes that apparently controlled the element covariation in Factor 1 is identified as a base metals and ferromagnesian mineral trend. More subjectively it may represent the tendency of some parts of the rock body to vary in the direction of a mafic mineral segregation from the average biotite quartz monzonite mineral assemblage. This major factor, this trend towards a monzonite. As may be seen in Table 3 some of the other alkaline components are Al, La, K and Ca.
Factor 4 is identified as a uranium-beryllium mineral trend. More subjectively this is probably the reflection of the well known regional beryllium belt, the western end of which has been projected as far as the Deep Creek Mountains by Cohenour (1963) . The commercial deposits of beryllium at Spor Mountain lie 55 km to the east. A similar Be-U factor was observed in factor analysis of the Spor Mountain "beryllium tuff" data by Cadigan and 13 Ketner (p. 24, 1980) This trend accounts for 6 percent of the variance in the correlation matrix. This is interpreted as a regional mineralization factor which has mobilized U, Y, Be and Cu principally and secondarily Mn, Pb, Fe, Al, Ga, Zr, La, and Th. Table 4 shows the four factors, the varimax factor loadings and the communalities of the elements for the four factors. For example, the communality for Ti is 0.87 which indicates that 87 percent of the variation of occurrence of Ti is explained by the four factors. Only 28 percent of the variation in Si occurrence is explained by the four factors.
The interpretations made are qualified by the computed communalities.
Communalities are the sum of squares of the rows of the loadings in table 4.
Thus for uranium (U), four factors explain a total of 59 percent of the variance and factor 4, the uranium-beryllium factor alone explains 51 percent of the variance (.711 2 = .51) for U. For thorium, a total of 41 percent of the variance is explained by four factors and 38 percent is explained by factor 3 alone, the monzonite trend.
The four factors represent the four most important geochemical factors that can be related to variation in distribution of the elements used in the analysis. These factors account for 67 percent of the variance in the correlation matrix derived from the 126 samples of Tertiary igneous rocks.
Factor analysis was also attempted on the analytical data from the 11 samples of derived alluvium. At the rotation of the fourth factor a single element factor was produced. By convention this occurrence limited consideration to the first three factors. They are shown in table 5, the reordered varimax factor matrix. Primary and secondary components are shown as in table 3 together with numerical loadings. The concentration of light minerals, should show a negative correlation with this factor, and indeed Na, Si, K, and Al all have negative loadings.
The light minerals would be mainly quartz, and feldspar, and clay. Factor analysis of analytical data for the two sets of data suggested that the four major factors controlling variance within the igneous rock element correlations were related to petrogenesis and a regional mineralization trend. In detail they were (1) a mafic mineral segregation trend as opposed to a dispersal trend; (2) a lithium-sodium-potassium enrichment trend interpreted to result from solution invasion of the pegmatitic veins; (3) a monzonite trend as opposed to a granite formation trend; and (4), a uranium-yttrium-beryllium mineralization trend interpreted to be the effect of a region-wide mineralization which created the western central Utah "beryllium belt."
Sediment sample factor analysis produced three major factors: (1) the concentration of heavy minerals; (2) the concentration of mica (biotite) and clays; and (3) the concentration of precipitated minerals. The first two seem to reflect the hydraulic environment effecting the transportation and concentration of detrital minerals. The third is related to precipitation of minerals from either stream or lake waters, a factor commonly seen in sedimentary rocks or minerals precipitated from mineralized waters.
The results suggest that the close geochemical interrelationships of elements in an igneous granitic rock are not carried over into a sediment derived from that rock. New relationships evolve based on hydraulic, solution, and weathering properties.
Uranium and thorium show little mutual petrogenic relationship in the Ibapah stock, but on erosion of the stock, uranium-and thorium-bearing minerals respond similarly to the heavy mineral concentrating process and the result is a high statistical correlation of occurrence of U and Th. Assuming that the Th content of the igneous stock has remained fairly constant, it may 19 be speculated on that the tl tended to be more mobile. There seem to be three substantial reasons for poor correlation between U and Th in the igneous samples. One would be the effects of weathering (oxidation) and solution in the exposed stock. All samples were surface samples. A second reason might be late magmatic or contact metamorphic hydrothermal solution activity which might have moved or removed U from its original minerals. The third reason for the lack of correlation might be the effect of the regional "berylliumbelt" mineralization activity which produces high tl-Be correlations, suggesting hydrothermal transportation of U away from Th.
These possible effects can only be offered as suggestions. Further study would be necessary to weigh the relative importance of the suggested Umigration processes.
